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INTRODUCTION
Suspension system plays an import role in modern vehicles to provide vehicle support, safety, ride comfort, road holding, and suspension deflection. Vehicle suspensions systems including passive [1] , semi-active [2] and active suspensions [3] , [4] have gained wide concern over the last few decades. A considerable amount of theoretical and experimental research has been carried out to improve the control performance of the suspension systems. Due to the fact that the active suspensions can continuously change the vibration energy of the vehicle body induced by the road excitation, the active suspensions have a great potential to improve both ride comfort and handling performance. Various schemes have been developed to improve the performance of active vehicle suspension systems, such as linear quadratic control [5] , [6] , adaptive control [7] , H control [8], [9] , and preview control [10], etc.
∞
As is well known, sliding mode control is effective to achieve high-performance robust control against external disturbances and unpredictable parameter variations, one can see [11] , [12] and the references therein. Sliding mode control for the active suspension systems are intensively investigated in the context of robustness and disturbance attenuation. For example, by combining the optimal control scheme and the sliding mode control scheme, a feedforward and feedback optimal sliding mode control scheme has been developed to improve the control performance of the suspension system [6] . Based on two-time scale singularly perturbed dynamic model, a sliding mode control strategy has been proposed to deal with the design of active vehicle suspension control systems [13] . In [14] and [15] , fuzzy sliding mode control schemes have been presented to control the active suspension systems. These control schemes are capable of improving the control performance of the suspension systems to some acceptable level. However, it should be pointed out that in [6] , the optimal sliding mode controller design is based on the fact that the road surface disturbance acting on the suspension system is formulated as the output of an exogenous linear system. This indicates that the road surface disturbance is regarded as a deterministic input signal. In fact, on the one hand, the road surface disturbance is random and irregular. On the other hand, as the dimension of the exogenous system increases, the calculated quantity rapidly does. Therefore, from a point of implementation view, the optimal sliding mode control scheme is not always work.
In this paper, for a quarter-car model with active suspension systems, a sliding mode control scheme will be proposed to improve the control performance of the suspension system. Compared with the design of the optimal sliding mode controller in [6] , the design of the sliding mode H ∞ H ∞ controller is based on the assumption that the random road surface disturbance is unknown but bounded. The suspension system is decomposed into two subsystems such that the road surface disturbance and the active control input are in the different subsystems. By considering the tire deflection of the suspension system as a virtual control force for the first subsystem, the virtual controller is designed. Then, a novel sliding mode surface is proposed via the obtained virtual H H ∞ ∞ controller. Third, a sliding mode H ∞ controller is developed to guarantee that the state trajectories are reachable in finite time and maintain on the sliding surface thereafter. Simulation results are given to show the effectiveness of the proposed control scheme.
Throughout this paper, all the matrices are real matrices. The superscripts '−1' and 'T' mean the inverse and transpose of a matrix, respectively; means that the matrix P is a positive-definite symmetric matrix; is the identity matrix of appropriate dimensions.
A two-degree-of freedom quarter-car suspension system considered in this paper is shown in Fig. 1 ( ) 
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It is assumed that the road surface disturbance term 
From (3) and (6), one yields the following two subsystems. The first subsystem is in the form 
B. Sliding Surface Design
To design a sliding surface, for the first subsystem (8), we introduce the control output equation as
where and 
Further, from (23) , (24) and (26), we have only the upper bound of the road surface disturbance is needed, and the deterministic dynamic model of the road surface disturbance is not necessary. Therefore, compared with the feedforward and feedback optimal sliding mode controller [6] , the sliding mode H controller is more practical than the optimal sliding mode controller.
IV. SIMULATION EXAMPLE
In this section, a simulation example is given to illustrate the effectiveness of the proposed sliding mode control scheme. In Fig. 1 . The matrices and in (12) is given as 
When the sliding mode H controller (22) is used to control the suspension system, the variation of the sliding surface is shown in Figure 3 , the responses of the deflection and the velocity of the suspension, the deflection and the velocity of the tire are depicted in Figs. 4-7 , respectively, where, the controlled responses are compared with the ones when no controller is applied the system. Figure 8 presents the response of the control force required. 
